ABSTRACT. Rheum, common name rhubarb is a source of number of chemical compounds like emodin, rutin and rhein. Plants are used as drugs, laxative and purgative. The two species of this genus viz R.emodi and R.webbianum grow wild in the Kashmir Himalaya. Keeping the threat status and the economic importance of these two species into consideration, an attempt was made to study their detailed meiotic course. Meiotic analysis revealed n=11 (2x) and n=22 (4x) as the chromosome numbers in R.emodi and R.webbianumi respectively. Cytological study for R.webbianum has been carried out for the fi rst time from the study area also it is the fi rst report of structural heterozygosity in R. emodi.
The Rheum L (family Polygonaceae) commonly called Rhubarb, is represented by about 60 species mainly distributed in the mountains and deserts regions in Asia and Europe (Kao and Cheng 1975; Li 1998 ). This perennial herbaceous genus is medicinally very important and has been used mainly in the folk Chinese and Tibetan medicines since ancient times. The rhizomes and roots are source of drugs rhein, emodin and rutin which are used as laxative, tonic and purgative. The root powder is sprinkled on ulcers and wounds for quick healing and also is used for cleaning teeth (Chaterjee and Pakrash 1991; Kaul 1997) . It is given in small doses against indigestion and abdominal disorders (Ballah and Churasia 2009) .The rhizomes are a potential source of anticancer drug (Rajkumar et al 2010) . The genus is also reported to have anti-microbial, anti-oxidant and anti-diabetic properties (Babu et al 2003 , Matsuda et al 2001 Radika et al 2010) . Owing to the above mentioned potentialities these herbs are explored, exploited and smuggled to be used in many life saving drugs (Rai et al 2000) .
Ten species of this genus are on record in the Indian subcontinent (Hooker 1885) . As part of our programme on exploration of biological diversity in the high altitude plant species, presently we have taken up the cytological analysis of various populations of two species of the genus from Kashmir Himalayas. Rheum emodi Walll. ex Meissner commonly called Pambachalan in Kashmiri, distributed in the temperate to alpine regions in the Himalayas from Kashmir to Sikkim, is a stout, branched and erect herb about 9-11 cm high, leaves long petiolated, very large and fl owers dark purple. On the other hand Rheum webbianum Royle, a perennial herb, with 80-90 cm tall stem, big petiolated leaves and small pale yellowish fl owers is distributed from Nepal to Kashmir Himalaya occurring at an altitude of 3,000-5,000 m. The presently studied population of this species was collected from extreme cold desert Leh area of Ladakh where it is locally called as Lachhu. Both the species have already been ranked as 
MATERIALS AND METHODS
Materials for meiotic studies were collected from different locations from Kashmir and Ladakh areas of Jammu and Kashmir State of India (Table 1) . Voucher specimens are deposited in the Herbarium, Department of Botany, Punjabi University, Patiala (PUN). The young fl oral buds of suitable sizes were fi xed in Carnoy's fi xative (6 ethanol: 3 chloroform: 1 acetic acid v/v) for 24 h and preserved in 70% alcohol at 4°C until use. For meiotic studies, anthers were squashed in 2% acetocarmine. A number of slides were carefully examined for chromosome counts and meiotic abnormalities at different stages in each population. Pollen fertility was examined using 1:1 glycerolacetocarmine mixture where well fi lled pollen grains with stained nuclei were taken as apparently fertile while shrivelled and unstained pollen were counted as apparently sterile (Marks 1954) . Photomicrographs of chromosome counts were made from freshly prepared slides using Nikon 80i Eclips Microscope.
RESULTS
The meiotic analysis has been carried out on two species of Rheum, namely, Rheum emodi walll. ex Meissner and Rheum webbianum Royle. The data regarding the meiotic course, cytomixis, pollen fertility and pollen size are provided in Table 1 . Individuals of all the three populations of R. emodi that were collected from different altitudinal ranges uniformly exist at diploid level based on x=11(Figs. 1 and 2). Careful observations revealed that the plants collected from Srinagar (1, 800 m) and Mahadev (3, 200 m) showed various meiotic abnormalities while the third population Kousernag (3,300 m) was normal in its meiotic course. The abnormal meiotic behaviour in both the population was characterized by the presence of laggards and bridges at anaphase-I and telophase-I (Fig. 3) . The plants belonging to Srinagar population showed chain formation among four chromosomes at metaphase I and diakinesis in 2.72% of the observed PMC's ( igs. 4-6). Further, 8.33% and 7.20% PMCs in the Srinagar and the Mahadev populations, respectively, showed the phenomenon of cytomixis (Figs. 7 and 8) . However, no PMC with hyperploidy or hypoploidy was observed. Chromosome stickiness was frequently observed at metaphase-I, Fig. 9 ). Multipolarity was seen at telophase-II (Fig. 10) . The laggards produced later on formed micronuclei. Microsporogenesis was greatly affected with the appearance of triads, tetrads and polyads with or without micronuclei (Figs. 11-13 ). The consequences of these meiotic abnormalities resulted in reduced pollen fertility and production of heterogenous sized pollen grains (Table  1 and Fig. 14) .
Rheum webbianum is tetraploid with 2n=44 chromosomes as can be seen by 22 chromosomes at metaphase II (Fig.  15) . Stickiness among the chromosomes was observed at different stages of meiosis but it was most frequent at metaphase I (Fig. 16) . The meiotic course in this species was highly abnormal (Table 1) with the appearance of laggards and bridges at anaphase-I and telophase-I (Figs.  17-19 ). Some PMC's were seen with un-equal distribution of chromosomes (Fig. 20) . Multipolarity was also noticed in some of the PMC's (Fig. 21) . Transfer of chromatin material (cytomixis) was seen to occur between daughter cells even at tetrad stage (Figs. 22 and 23 ). This phenomenon and other associated meiotic abnormalities resulted in to abnormal microsporogenesis with the formation of monads, diads, triads, tetrads and polyads with or without micronuclei (Figs. 24-28 ) and reduced pollen fertility (64.01 %). The pollen grains of heterogenous sizes were formed (Figs. 29 and 30 ). The heterogenous sized pollen grains can be grouped into in to three categories small (22.21x20.19μm), medium (26.34x 25.30μm) and large sized (32.33x31.32μm).
DISCUSSION
A perusal of literature reveals that the genus Rheum is monobasic with all the species having x= 11 (Darlington and Wylie 1955; Fedorov 1969) . In this genus so far chromosome numbers of 32 species are on record. Around 40% of the cytologically known Rheum species are tetraploid. The presently investigated species R. emodi and R. webbianum are diploid and tetraploid, respectively. The chromosome count of n=22 for R. webbianum is fi rst report from the study area.
In the present study, bridges and laggards were observed at A-I and T-I, the causes of which may be due to interlocking of bivalents (Bhattacharjee 1953) , or Para centric inversion (Sinha and Godwar 1972) . The laggards observed may be due to presence of fragments and abnormal spindle formation (Tarar and Dyansagar 1980) or delayed terminalization (Kumar and Tripathi 2007) . The phenomenon of cytomixis involving transfer of chromatin material between the neighbouring meiocytes 
Cytological abnormalities
Laggards at A-I &T-I (%) 14.54 9.37 -----11.21 Bridges at A-I &T-I (%) 8.18 6.25 has been reported for the fi rst time in both the species. This phenomenon has been reported during microsporogenesis in several families of fl owering plants ( Heslop-harrison 1966; Saggoo and Bir 1983; Singhal et al. 2008; Saggoo and Srivastava 2009) . Cytomixis is referred to be due to various factors like physiological (Bahl and Tyagi 1988) , temperature (Narain 1976) , stress factors coupled with genetic control (Ghanima and Talaat 2003) and direct genetic control (Belluci et al. 2003; Haroun et al. 2004) .
The large sized pollen grains may be of unreduced nature with 2n constitution or hyperploid in nature. Such pollen grains might have resulted in the origin of polyploid cytotypes as been reported in Alopecurus and Catbrosa (Sheidai et al. 2009 ). Multivalents of chain type were observed in the accession of Srinagar locality. This is the fi rst report of structural heterozygosity in Rheum emodi. However, the presence of such a low frequency of quadrivalents may be indicative of the cryptic type of structural heterozygosity. This phenomenon and other meiotic abnormalities resulted in reduced pollen fertility Carr 1983, 2000; Levin 2002 ). Interestingly, the plants of R. emodi collected from high altitude Kousernag (3,300 m) characterized by cold and arid climate, scanty rainfall, high wind velocity, snowy storms and high ultraviolet (UV) radiations, exhibited a characteristic adaptation to these extreme environmental conditions as it showed luxuriance and no meiotic abnormality.
